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A 3 VA N C S R E P O R T  

THE EF2’iJCT OF SPAITWISE MASS D I S T R I B U T I O N  UPON 

TZE S P I N  C H A R A C T E R I S T I C S  OF A I E P U B E S  

AS DETERMINED B Y  RODEL, T E S T S  COMDUCTED 

13 THE FREE--GPIWNING ?JI?TJD TU3TNEL 

B y  S o b e r t  W .  K a m m  

P r e v i o u s  w o r k  has shown c e r t 2 i n  c h a r a c t e r i s t i c  d i f -  
f e r e q c e s  i n  t h e  s p i n s  o f  s i n g l e- e n g i n e  a n d  m u l t i e n g i n e  
a i r c r a f t ,  The m u l t i e n g i n e  a i r c r a f t  have  a l m o s t  i n v a r i a b l y  
s r u n  a t  l o w  a n g l e s  o f  a t t a c k  w i t h  h i g h  r a t e s  o f  d e s c e n t  
a n d  l a r g e  l o a d  f a c t o r s  a n d  t h e  e l e v a t o r  has b e e n  t h e  w o s t  
e f f e c t i v e  c o n t r o l  f o r  r e c o v e r y .  Yhs s p i n s  o f  t h e  s i n g l e-  
e n g i n e  a i r c r a f t ,  however ,  have v a r i e d  thro-agk: a wide r a n g e  
o f  a n g l e s  of a t t a c k  a n d  t h e  r u d d e r  has beeii  t h e  m o s t  e f-  
f e c t i v e  c o n t r o l  f o r  r e c o v e r y .  

T h i s  i n v e s t l g a t i o n  was i n t e n d e d  t o  d e t e r m i n e  w h e t h e r  
t h e  d i f f e r e n c e  i n  t h e  s p a n w i s e  l o a d i n g  o f  t h e  t w o  t y p e s  o f  
a i r c r a f t  was r e s p o n s i b l e  f o r  t h e  d i f f e r e n c o s  i n  s p i n  c h a r-  
a c t e r i s t i c s ,  p a r t i c u l a r l y  as  r e g a r d s  t h e  a n g l e  of a t t a c k .  
S i x  moC7els, f i v e  o f  s i n g l e- e n g i n e  a n d  one o f  a m u l t i e n g i n e  
a f r c r a f t ,  were  t e s t e d .  The s p a n w i s e  l o a d i n g s  o f  t h e  s i n g l e -  
e n g i n e  models  were  i n c r e a s e d  g r e a t l y  a n d  t h e  spanwise  l o a d-  
i n g  o f  t h e  m u l t i e n g i n e  model was d e c r e a s e d .  

The model t e s t  r e s u l t s  i n d i c a , t e d  t h a t  t h e  s p a n w i s e  
l o a d i n g  does  not c o n t r o l  the a n g l e  of a t t a c k  o f  a n  a i r p l a n e  
i n  a s p i n ,  but  t h a t  i t  does  i n f l u e n c e  t h e  r e l a t i v e  e f f e c-  
t i v e n e s s  o f  t h e  a i l e r o n s  a n d  t h e  e l e v a t o r  on r e c o v e r y .  

I X ’ R  3 D U C  T I Oi? 

I n  r e f e r e n c e  1, c e r t a i n  c h a r a c t e r i s t i c  & i f f  e r e n c e s  
b e t w e e n  t h e  s p i n s  o f  s i n g l e - e n g 4 n e  a n d  m u l t i e n g i n e  a i r-  
c r a f t ,  as i n d i c a t e d  b y  model t e s t s  i n  t h e  f r e e- s p i n n i n g  
wind t u n n e l ,  have  b e e n  p r e s e n t e d .  For  models  of mul t i-  
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e n s i n e  a iz -craf t ,  t h e  s&in  a l m o s t  i n v a r i a b l y  b e e n  
a t  l o w  a n g l e s  of a t t a c k  w i t h  h i g h  r a t e s  of d e s c e n t .  The 
e l e v a t o r  has b e e n  t h e  m o s t  e f f e c t i v e  c o n t r o l  f o r  r e c o v e r y .  
F o r  m o d e l s  of s I n g l e- e n g i n e  a i rmaf  t , however ,  t h e  s p i n s  
o b t a i n e d  have c o v e r e d  a wide  r a n g e  v a r y i n g  f r o m  s t e e p  
s p i n s  w i t h  h i g h  r a t e s  of  d e s c e n t  t o  f l a t  s p i n s  w i t h  l o w  
r a t e s  of  d e s c e n t .  The r u d d e r  has b e e n  t h e  m o s t  e f f e c t i v e  
c o n t r o l  f o r  r e c o v e r y .  

R e f e r e n c e  1 s u g e e s t e d  t h e  d i f f e r e n c e s  i n  l o a d  d i s t r i -  
b u t i o n  be tween  t h e  t w o  t y p e s  o f  a i r c r a f t  a s  a p o s s i b l e  
r e a s o n  f o r  t h e  d i f f e r e n t  s p i n n i n g  c h a r a c t e r i s t i c s .  The 
l o a d i n g  o f  m u l t i e n g i n e  a i r c r a f t  d i f f e r s  f r o m  t h a t  of  
s i n g l e- e n g i n e  a i r c r a f t  i n  t h a t  a g r e a t e r  p r o p o r t i o n  o f  t h e  
l o a d  i s  c a r r i e d  i n  t h e  wing  a n d  a s m a l l e r  p r o p o r t i o n  i s  
c a y r i e d  i n  t h e  f u s e l a g e .  B e f a r e n c e  2 i n d i c a t e d  * h a t  t h e  
t y p e  of  l o a d i n g  i s  l e p o r t n n t  iq d e t e r m i n i n g  t h e  r e l a t i v e  
e f f e c t i v e n e s s  o f  t h e  e l e v a t o r  a n d  r u d d e r  c o n t r o l s  f o r  
r e c o v e r y .  

The o b f e c t  of  t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  e s t a b-  
l i s h  t h e  i m p o r t a n c e  of  s 2 a c w i s e  l o a d i n g  i n  d e t e r m i n i n g  t h e  
d i f f e r e n c e s  b e t w e e n  t h e  spins of  t h e  t w o  t y p e s  o f  a i r c r a f t .  
The v a r i a t i o n  o f  the a n g l e  c f  attack w i t h  t h e  l o a d i n g  was 
c o n s i d e r e d  of e s p e c i a l  i m p o r t a n c e  because t h e  a t t i t u d e  i n  
t h e  s p i n  d e t e r m i n e s  t h e  l o a d  f a c t o r ,  w h i c h  may be c r i t i c a l  
f o r  Large  a i r p l a n e s .  The i n v e s t i g a t i o n  c o n s i s t e d  o f  t e s t s  
of f i v e  models  r e p r e s e n t a t i v e  of  s i n g l e- e n g i n e  a i r c r a f t  
a n d  one model o f  a m u l t i e n g i n e  a i r c r a f t .  The s p a n w i s e  
l o a d i n g s  cf t h e  s i n g l e- e n g i n e  raodels were i n c r e a s e d  t o  ex- 
c e e d  a v a l u e  r e p r e s e n t a t i v e  of  m u l t i e n g i n e  a i r c r a f t ;  w h i l e  
t h e  s p a n w i s e  l o a d i n g  of t h e  mult i e n g i n e  model was d e c r e a s e d  
i n  a n  a t t e m p t  t o  r e a c h  a v a l u e  r e p r e s e n t a t i v e  of s i n g l e-  
e n g i n e  a i r c r a f t .  If t h e  s p a n w i s e  l o a d i n g  were  t h e  p r e-  
d o m i n a t i n g  f a c t o r  t h e  s p i n n i n g  c h a r a c t e r i s t i c s  would p r e-  
sumably  change as  t h e  l o a d i n g  was v a r i e d .  

S i x  m o d e l s ,  f i v e  of  s i n g l e- e n g i n e  a n d  one of  a mult i-  
e n g i n e  a i r c r a f t ,  were u s e d  i n  the i n v e s t i g a t i o n .  Photo-  
graphs  of t h e  inodels a r e  shown i n  f i g u r e s  1 t o  6 .  One 
b a s i s  u s e d  i n  s e l e c t i n g  t h e  s i n g l e- e n g i n e  models  was t o  
c o v e r  a wide r a n g e  of  a e r o d y n a m i c  c h a r a , c t e r  i s t i c s ,  s u c h  
as wing a n d  t a i l  a r r a n g e m e n t ,  a n d  t a i l- d a m p i n g  power fac-  
t o r s  as d e f i n e d  i n  r e f e r e n c e  3. Another  b a s i s  of s e l e c -  
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t i o n  was t h a t  t h e  normal  s p i n s  b e  f a i r l y  f l a t  s o  t h a t  a 
s t e e p e n i n g  due t o  change  i n  l o a d  d i s t r i b u t i o a  c o u l d  b e  
d e t e c t e d .  The d i m e n s i o n a l  c h a r a c t e r i s t i c s  o f  t h e  s i x  
models  a r e  conrpar.ed i n  t a b l e  I ,  

F o r  t -he i n v e s t i g a t i o n  of  t h e  s i n g l e- e n g i n e  m o d e l s ,  
t h e  p r o p o r t i o n  o f  t h e  l o a d  c a r r i e d  i n  t h e  wings  was in- 

c r e a s e d  i n  s e v e r a l  s t e p s  u n t i l  t h e  v a l u e  o f  -----e- 

(where b i s  t h e  s p a n ,  kx t h e  r ad ius  of g y r a t i o n  abou t  
t h e  X a x i s ,  and  kp t h e  r a d i u s  of  g y r a t i o n  a b o u t  t h e  Y 
a x i s )  became g r e a t e r  t h a n  5 9  X lo--*, which  was g i v e n  i n  
r e f e r e n c e  1 as a n  a v e r a g e  value!  f o r  m u l t i e n g i n e  a i r c r a f t .  

2 kX2 - ky 
b 2  

2 
The t e r m  --------- kX2 - ky , which i s  g e n e r a l l y  c a l l e d  t h e  in -  

b” 
e r t i a  yawing-moment p a r a m e t e r  a n d  w h i c h ,  f o r  c o n v e n i e n c e ,  
w i l l  b e  a b b r e v i a t e d  a s  IYMP, d e t e r m i n e s  t h e  i n e r t i a  yaw- 
i n g  rnoment f o r  a g i v e n  a t t i t u d e  and r a t e  o f  r o t a t i o n ,  

The changes  were  o b t a i n e d  b y  a d d i n g  b a l l a s t  w e i g h t s  
t o  t h e  wings  of t h e  m’oclels, t h e r e b y  e n c r e a s i n g  kX, The 
i n c r e a s e  i n  mass c a u s e d  by a d d i n g  t h e  wing w e i g h t s  was 
l e s s  t h a n  1 0  p e r d e n t  of t h e  total masg of t h e  model in 
e v e r y  c a s e  a n d  was n e g l e c t e d  Ln a p p r a i s i n g  t h e  d a t a .  
T h i s  p r o c e d u r e  d i d  n o t  g i v e n  t y p i c a l  m u l t i e n g i n e  v a l u e s  

2 2 

of e i t h e r  t h e  i n e r t i a  r o l l i n g - m c m w t  p a r a m e t e r  --------e 

o r  t h e  - i n e r  t fa p i t c h i ng-mome n t p a r  a me t e r 

i s  $ h e  r a d I u s  o f  g y r a t i o n  a b o u t  t h e  Z a x i s ) ,  The v a l u e  
o f  t h e  i n e r . t i a  r ,ol l iog-moment p a r a z e t e r  was g r e a t e r  nega-  
t i v e l y  a n d  t h e  v a l u e  o f  t h e  i n e r t i a  pi tching-moment param- 
e t e r  was g r e a t e r  p o s i t i v e l y  a t  t h e  e x t r e m e  l o a d i n g  cond i -  
t i o n s  t h a n  t y p i c a l  mul t  i e n g i n e  v a l u e s .  

kY - k% 
(kZ 

k Z 2 -  kX 2 b 2  
I------ 

b 2  

F o r  t h e  r n u l t i e n g i n e  n o d e l ,  t h e  endeavor  was made t o  
o b t a i n  a t y p i c a l  s i n g l e- e n g i n e  v a l u e 4 0 f  t h e  IYMP. a e f e r -  
e n c e  1 g i v e s  t h i s  v a l u e  a s  -78 X 10- . A s  a f i r s t  s t e p ,  
t h e  l o a d i n g  a l o n g  t h e  wings  was d e c r e a s e d  b y  removing t h e  
n a c e l l e  b a l l a s t  w e i g h t s  a n d  i n s t a l l i n g  them in t h e  f u s e-  
l a g e ,  I t  was n e c e s s a r y  t o  c o n s t r u c t  a f a l s e  nose  on the  
model t o  house  t h e s e  w e i g h t s ,  b u t  t h e  a e r o d y n a m i c  e f f e c t  
o f  t h e  h o u s i n g  was b e l i e v e d  t o  be  s l i g h t .  A s  a f u r t h e r  
d e c r e a s e  i n  t h e  s p a n w l s e  l o a d i n g  was i m p r a c t i c a b l e ,  
w e i g h t  was a d d e d  a l o n g  t h e  f u s e l a g e ,  t h e r e b y  i n c r e a s i n g  

u n t i l  t h e  d e s i r e d  v a l u e  of‘ t h e  IYMP was o b t a i n e d .  kY 
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The v a l u e s  o f  t h e  p a r a m e t e r s  of t h e  models  f o r  t h e  
c o n d i t i o n s  t e s t e d  a r e  l i s t e d  i n  t a b l e  11. 

A l l  t h e  models  had b e e n  p r e v i o u s l y  t e s t e d  e x t e n s i v e l y .  
Inasmuch as  i n c r e a s e s  i n  w e i g h t  may have  r e s u l t e a  i n  t h e  
c o u r s e  of  e a r l y  r e p a i r s ,  t h e  a c t u a l  c o n d i t i o n s  t e s t e d  as  
t h e  n o r m a l  l o a d i n g s  were  p r o b a b l y  s l i g h t l y  d. i f  
t h o s e  l i s t e d  i n  t h e  t a b l e s .  A s  t h e  s u b j e c t  t e s t s  were 
i n t e n d e d  t o  s h o w  t h e  e f f e c t s  of  l a r g e  v a r i a t i o n s  i n  span-  
w i s e  mass d i s t r i b u t i o n ,  t h e  d i f f e r e n c e s  were  c o n s i d e r e d  
u n i m p o r t a n t  

The a e r o d y n a m i c  e f f e c t  o f  e n g i n e  n a c e l l e s  on t h e  spin- 
n i n g  c h a r a c t e r  i s  t i c s  was e v a l u a t e d  b y  removing  t h e  n a c e l l e s  
f r o m  t h e  m u l t i e n g i n e  model a n d  i n s t a l l i n g  thein on a s i n g l e -  
e n g i n e  model ,  

The m o d e l s  were t e s t e d  i n  t h e  NACA 1 5- f o o t  f r e e -  
s p i n n i n g  wind t u n n e l  of t h e  L a n g l e y  Memor Tal A e r o n a u t i c a l  
L a b o r a t o r y .  The w i n d  t u n n e l  a n d  t h e  t e s t i n g  t e c h n i q u e  a r e  
d e s c r i b e d  i n  r e f e r e n c e  4 .  Complete measurements  were made 
of o n l y  t h e  s t e a d y- s p i n  c h a r a c t e r i s t i c s  o f  t h e  modelg. 
Refere r rce  2 d e a l s  w i t h  t h e  e f f e c t s  of  l o a d  d i s t r i b u t i o n  
on r e c o v e r y  c h a r a c t e r i s t i c s ,  

AESULTS 

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  g i v e n  on c h a r t s  
1 t o  6 .  The s t e a d y - s p i n  p a r a m e t e r s  p r e s e n t e d  on t h e  
c h a r t s  were  d e t e r m i n e  by t h e  methods d e s c r i b e d  i n  r e f e r -  
e n c e  4 a n d  have  b e e n  c o n v e r t e d  t o  c o r r e s p o n d i n g  full-scale 
v a l u e s .  

The f o l l o w i n g  symbols  a r e  u s e d :  

a a c u t e  a n g l e  be tween  t h r u s t  a x i s  and  v e r t i c a l  ( a p p r o x i-  

@ 

m a t e l y  e q u a l  t o  a n g l e  of  a t t a c k )  * 

p o s i t i v e  mhen the r i g h t  wing  is doqn 
a n g l e  Dlstweerr span axis and h o r i z o n t a l ,  considered 

V true r a t e  of dettcent,  f e e t  p e r  s e c o n d  

0 angula r  v e l o c f t y  about  spin a x l e ,  radfans  p e r  seoond 

i n e r t i a  moments a c t i n g  during a sp in ,  The l o a &  f a c t o r  
A l l  t h e s e  q u a n t f t i e s  occur i n  the expressions f o r  t h e  
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normal  t o  t h e  a i r p l a n e  t h r u s t  a x i s  was computed. as l / s f n a  
o n  t h e  a s s u m p t i o n s  t h a t  t h e  r e s u l t a n t  f o r c e  i n  a s p i n  is 
normal  t o  t h e  t h r u s t  a x i s  e n d  t h a t  t h e  v e r t i c a l  component 
o f  t h e  r e s u l t a n t  f o r c e  i s  e q u a l  t o  t h e  w e i g h t  o f  t h e  a i r-  
p l a n e .  Vhere r e c o v e r y  d a t a  a r e  p r e s e n t e d ,  r e c o v e r i e s  
were  g e n e r a l l y  a t t e m p t e d  b y  f u l l  r u d d e r  r e v e r s a l ,  a l t h o u g h  
i n  snme i n s t a n c e s ,  whjch a r e  n o t e d ,  b o t h  t h e  r u d d e r  a n d  
t h e  e l e v a t o r  were r e v e r s e d  s i m u l t a n e o u s l y .  A l l  d a t a  a r e  
f o r  r i g h t- h a n d  s p i n s ,  " A i l e r o n s  w i t h  t h e  s p i n "  t h e r e f o r e  
means r i g h t  a i l e r o n  up and l e f %  a i l e r o n  down. 

I 

The t e s t  r e s u l t s  p r e s e n t e d  on t h e  c h a r t s  a r e  b e l i e v e d  
t o  b e  t h e  t r u e  v a l u e s  w i t h i n  t h e  f o l l o w i n g  l i m i t s :  

a . .  . . . . . . . . . . . . . . .  * r t z 0  

6 . .  . . . . . . . . . . . . . . .  . * l o  

v . . . . . . . . . . . . . . . . .  * 2  p e r c e n t  

. . . . . . . . . . . . . . . . . .  5 2  p e r c e n t  

T u r n s  f o r  r e c o v e r y  . . . . . . . . .  *1/4 t u r n  

T b e  p r e c e d ' i n g  l i m i t s  n a y  have bceri exceeded f o r  c e r t a i n  
s p i l l s  where i t  was d i f f i c u l t  t o  h a n d l e  t h e  model. i n  t h e  
t u n n e l ,  o w i n g  t o  t h e  ~ ~ i g h  a i r s g e e d  o r  t o  t h e  w a n d e r i n g  o r  
o s c i l l a t o r y  n a t u r e  of t h e  s p i n ,  

F o r  model I ( t a b l e  I i ,  c h a r t  1) ir! t % e  n o r m a l  l o a d i n g  
c o n d . i t i o n  t L e  I Y ' P  e q u a l l e d  -97 X lo-" a n d  a l l  s p i n s  w i t h  
t h e  a i l e r o n s  e i t h e r  n e u t r a l  o r  a g a i n s t  t h e  s p i n  were f a i r l y  
f l a t  (a f r o m  5.70 t o  6 2 O ) ;  wl-iile t h e  c i l e r o n - w i t h  s p i n s  
a p n e a r e d  t o  b e  q u i t e  s t e e p ,  There  a p p e a r e d  t o  be v e r y  
l i t t l e  d i f f e r e n c e  i n  a t t i t u d e  be tween  t h e  s p i n s  w i t h  t h e  
e l e v a t o r  down o r  up .  

When t h e  s p a n w i s e  mass was' i n c r e a s e d  u n t i l  t h e  v a l u e  
of t h e  IYIVIP was -24 x lo-& ( c o n d i t i o n  I ) ,  a l l  s p i c s  w i t h  
t.he e l e v a t o r  n e u t r a l  o r  down w e r e  a t  a n  angle of  a t t , a c k  
of a p p r o x i m a t e l y  430. The s p i n s  o b t a i n e d  w i t h  t h e  e l e -  
v n t o r  up were s t i l l  f l a t  wiLth. t h e  p o s s i b l e  e x c e p t i o n  of 
t h e  a i l e r o n- w i t h  s p i n ,  which  was t o o  w a n d e r i n g  t o  t e s t  
c omple t e ly . 

%hen t h e  s 9 a n w i s e  mass w a s  f u r t h e r  i n c r e a s e d  u n t i l  
t h e  v a l u e  o f  t h e  IYKP was 62 X lo-*, t h e  a i l e r o n  e f f e c t  
d e f i n i t e l y  r e v e r s e d ,  a s  t h e  a i l e r o n- w i t h  s p i n s  were now 
f l a t  ( a  froni  t i l o  t o  6 3 O )  a n d  e l e v a t o r- u p  was t h e  o n l y  
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c o n t r o l  s e t t i n g  f o r  whlch  t h e  model would s p i n  w b n  t h e  
a , i l e r o n s  were a g a i n s t  t h e  s p i n .  The model a l s o  would n o t  
s p i n  when t h e  s i l e r d n s  were n e u t r a l  a n d  t h e  e l e v a t o r  was 
down.  I n  t h e  s u b s e q u e n t  d i s c u s s i o n  t h i s  r e s u l t  s h a l l  be 
c o n s i d e r e d  as a r e v e r s a l  of  t h e  e l e v a t o r  e f f e c t  f o r  
s i n g l e- e n g i n e  a t r p l a n e s .  I n c r e a s i n g  t h e  s p a n v i s e  mass 
s t i l l  f u r t h e r  t o  a v a l u e  of 90 X 10-4 f o r  t h e  IPMP had no 
a d d i t i o n a l  e f f e c t ,  The a i l e r o n- w i t h  s p i n s  were  f l a t t e r  
t h a n  c c r r e s p o n d i c g  s p i n s  u s u a l l y  o b t a i n e d  f o r  m u l t i e n g i n e  
a i r c r a f t ,  a n d  t h e  l o a &  f a c t o r s  o b t a i n e d  were t h e r e f o r e  
s m a l l e r .  

Only a f e w  r e c o v e r i e s  were  o b t a i n e d  f o r  t h i s  model.  
I t  a p p e a r s ,  however ,  t h a t  r e c o v e r y  e i t h e r  by r u d d e r  r e -  
v e r s a l  a l o n e  os- b y  s i m u l t a n e o u s  r u d d e r  a n d  e l e v a t o r  r e -  
versal f r o n  t h e  a i l e r o n- w i t h ,  e l e v a t o r- u p  s p i n  was r e-  
t a r d e d  a s  t h e  s p a n w i s e  = a s s  w a s  i - z c r e a s e d .  

The r e s u l t s  o b t a i o e d  w i t h ,  model I1 ( t a b l e  I f ,  c h a r t  
2) were s imi l a r  t o  t lnase o b t a i n e d  w i t h  model I ;  a l t h o u g h  
t h e  a i l e r o n  a n d  e l e v a t o r  e f f e c t s  d i d  n o t  r e v e r s e  u n t i l  
more e x t r e m e  v a l u e s  of t h o  IYMP were o b t a i n e d ,  The a i l e r -  
on e f f e c t  d i d  n o t  r e v e r s e  c o r r , p l e t s l g  u n t i l  t h e  v a l u e  o f  
t h e  IYNP w2s 97 X lo-' a n d  t h e  e l e v a t o r  e f f e c t  d i d  n o %  
r e v e r s e  comph t e l y  u n t i l  t h e  p z r a m e t e r  v a l c e  was 135 X lo-" .  
A l l  s p i n s  f o r  which  c o m p l e t e  d a t a  were o b t a i n e d  were f l a t -  
t e r  t h a n  t y p i c a l  m u l t i e n g i n e  s p i n s  a n d  gave  s m a l l e r  l o a d  
f a c t o r s .  

The r e c o v e r i e s  o b t a i n e d  by r u d d e r  r e v e r s a l  a l o n e  f o r  
a l l  a i l e r o n - n e u t r a l ,  e l e v a t o r- u p  s p i n s  were p r a c t i c a l l y  
t h e  same f o r  a l l  l o a d i n g  c o a d i t i o n s  t e s t e d .  T o o  f ew re- 
c o v e r i e s  were o b t a i n e d  f r o m  t h e  o t h e r  c o n d i t i o n s  t o  s h o w  
a n y  d e f i n i t e  t r e n d .  

Model 111 ( t a b l e  I f ,  c h a r t  3 )  was more h e a v i l y  l o a d e d  
a l o n g  t h e  w i n g  i n  i t s  normal  1c ;ading c o n d i t i o n  t h a n  a n y  
of t h e  o t h e r  s i n g l e- e n g i n e  models  t e s t e d ,  a n d  t h e  v a l u e  
o f  t h e  I Y P P  w a s  -15 X lo-". T h i s  model had  t h e  a i l e r o n  
e f f e c t  t y p i c a l  o f  r n u l t i e n g i n e  a i r c r a f t ;  t h a t  i s ,  w i t h  
a i l e r o n s  s e t  a g a i n s t  t h e  spin, t h e  m o d e 1 , w o u l d  n o t  s p i n  
when t h e  e l e v a t o r  was n e u t r a l  o r  down a n d  t h e  v e r t i c a l  
v e l o c i t y  of t h e  model was t o o  h i g h  t o  t e s t  when t h e  e l e -  
v a t - r  was uy, a i l e r o n s  a g z i n o t  t h e  s p i n ;  whereas ,  when 
t h e  a i l e r o n s  were n e u t r a l  o r  w i t h  t h e  s p i n ,  t h e  s p i n s  
were a t  modera te  a n g l e s  of a t t a c l r  (a f r o m  40' t o  45'). 
E x c e p t  when t h e  a i l e r o n s  were  a g a i n s t  the  s p i n ,  t h e  e l e -  
v a t o r  e f f e c t  was s l i g h t ,  
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A s  a f i r s t  s t e p  i n  a n  e n d e a v o r  t o  o b t a i n  t h e  normal  
s i n g l e- e n g i n e  s p i n  c h a r a c t e r i s t i c s ,  t h e  s r a n w i s e  mass was 
d e c r e a s e d  as  much as  p o s s i b l a .  The maximun n e g a t i v e  value 
of t h e  IYMP b 'h ta ina?J le  was -40 X 10"'. A t  t h l s  v a l u e  of' 
t h e  p a r a m e t e r ,  c o n t r o l  e f f e c t s  were  n o t  d e f i n i t e ,  as all 
a i l e r o n - a g a i n s t  s p i n s  a n d  all o l e v a t o r- u p  s p i n s  were t o o  
o s c i l l a t o r y  t o  t e s i ; .  The s p i n s  f o r  w h i c h  ciata v e r e  ob- 
t . a i n e d  were qdnfte s t e e p  (a f r o m  32' t o  38'). 

When t h e  spanMise mass d i s t r i b u t i o n  w a s  i n c r e a s e d  
u n t i l  t h e  JYWP I J ~ S  8 X 1.G-4, t h e  s p i n  c h a l - a c t e r l s t i c s  of 
t h e  model were n o t  changed a 2 p r e c i a b l y  f rom t h e  c h a r a c-  
t e r i s t i c s  o b t e i n e d  w i t h  t h e  Anode1 i n  i t s  normal  l o a d i n g  
c o i z d f t i o n ,  e x c e p t  t h a t  thf;  m o d e l  would n o t  s p i n  f o r  t h i s  
l o a d i n g  when t h e  a i l e r o n s  were  n e u t r a l  a n d  t h e  e l e v a t o r  
was down,  F ~ x r t h e r  incre : icas  I n  khc s p a n w i s e  mass d i s t r i -  
b u % i o n  t o  p a r a c e t e r  v a l u e s  of  62 X lO-"and 90 X had 
l i t t l e  f u r t h e r  e f f e c t .  IJot enough r e c o v e r i e s  were o b t a i n e d  
f o r  t h i s  rnodel  t o  shew a n y  t r e n d s  i n  r e c o v e r y  c h a r a c t e r -  
i s t i c s .  

The r e s L n l t s  o b t a i n e d  wit'i n o d e l  I V  ( t a b l e  11, c h a r t  A )  
were s imi la r  t o  t h o s e  o b t e f n e d  w j t h  model 1. The a i l e r o n  
e f f e c t  was r e v e r s e d  a t  a v a l u e  of t h e  IYlCP of -2 x lo-." 
The elewn.tor  e f f e c t  was r e v e l s e e .  a t  a p z r a r n e t e . ~  v a l u e  of  
63  x 

The zerodyna,mic e f f e c t  os" n a c e l l e s  o n  t h e  wings  bras 
d e t e r m i n e d  on t h i s  model by t e s t i n g  t h e  m o d e l  f i r s t  w i t h  
t h e  n a c e l l e s  of t h e  m u l t i c n g i n e  model i n s t a l l e d  and t h e n  
w i t h  t h e  n a c e l l e s  removeit b u t  w i t h  e q u i v a l e n t  w e i g h t s  i n-  
s t a l l e d ,  Thq e f f e c t  w a g  f o u n d  t o  be. s m l h ,  t h e  n a c e l l e s  
m s r e l y  t e n d i n g  t o  r e d u c e  t h e  r a t e s  o f  d e s c e n t  domawhat. 
Fc r  t h i s  mode l ,  a l s o ,  t o o  f ew r e c o v e r y  t e s t s  were mzde t o  
n o t e  a n y  t r e n d  i n  t h e  r e c o v e r y  c h a r a c t e r i s t i c s .  

The r e s u l t s  o b t s i n e d  f o r  model V ( t a b l e  11, c h a r t  5 )  
a l s o  r e s e s b l e d .  t h e  r r e s u l t s  o b t a i n e d  f o r  model I .  The 
a i l e r o n  $ f f $ c t  was r e v e r s e d  at a v a l u e  of t h e  IYMP of  
35 x 10- , a n d  t h e  e l e v a t o r  e f f e c t  wa,s r e v e r s e d  a t  a pararn- 
e t e r  v a l u e  of 120 x lo-". 
measurements  were  o b t a i n e d  f o r  t h e  e x t r e m e  l o a d i n g  cond i-  
t i o n s  (IYit'P = 120  x loe4 a n d  215 X L O w 4 )  weye f l a t t e r  t h a n  
t y p i c a l  m u l t i e n g i n e  s p i n s ,  I n c r e a s i n g  t h e  s p a n w i s e  mass 
r e t a r d e d  t h e  r e c o v e r i e s  b y  r u d d e r  r e v e r s a l  a l o n e  f r o m  the 
a i l e r o n- n e u t r a l ,  e l e v a t o r- u p  c o n d i t i o n .  The o t h e r  r ecov-  
e r i e s  o b t a i n e d  d i d  n o t  show riiuch, e x c e p t  t h a t ,  a t  t h e  
e x t r e a e  wing- heavy l o a d i n g  c o n d i t i o n s  r e c o v e r y  f r o m  t h e  

The s p i n s  f o r  which c o m p l e t e  
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a i l e r o n- w i t h ,  e l e v a t o r- u p  s p i n s  was i m p o s s i b l e  b y  e i t h e r  
r u d d e r  r e v e r s a l  a l o n e  o r  s i m u l t a n e o u s  r u d d e r  a n d  e l e v a t o r  
r e v e r s a l .  

Model V I  ( t a b l e  11, cha r t  6 )  r e p r e s e n t e d  a m u l t i e n-  
g i n e  a i r c r a f t .  F o r  t h e  n o r m a l  l o a d i n g  c o n d i t i o n  t h e  v a l u e  
o f  t h e  IYMP was '76 X 10-* a n d  t h e  mode l  s p u n  o n l y  when t h e  
e l e v a t o r  was f u l l  up  a n d  t h e  a i l e r o n s  were  n e u t r a l  o r  w i t h  
t h e  s p i n .  The a l l e r o n - v 9 t h  s p i n  was r a t h e r  s t e e p  (a = 36O) 
a n d  t h e  r a t e  of  d e s c e n t  was q u i t e  h i g h  (207 f p s ) .  The 
a i l e r o n- n e u t r a l  s p i n  a p p e a r e d  t o  b e  s t e e p e r  a n d  t h e  model  
d e s c e n d e d  w i t h  a v e r t i c a l  v e l o c i t y  t o o  h i g h  t o  t e s t ,  

A s  t h e  f i r s t  s t e p  i n  t h e  a t t e m p t  t o  s i n u l a t e  sPng le -  
e n g i n e  l o a d  d i s t r i b u t i o n  t h e  s p a n w i s e  mass was d e c r e a s e d  
as  much as  was p r a c t i c a b l e ,  a n d  a v a l u e  of  -11 X lQn4 f o r  
t h e  IPMP was o b t a i n e d ,  F o r  t h i s  c o n d i t i o n  t h e  model spun  
f o r  a l l  t h e  a i l e r o n- w i t h  s e t t i n g s  a n d  a l s o  when t h e  a i l e r -  
o n s  were  n e u t r a l  a n d  t h e  e l e v a t o r  was up  o r  n e u t r a l .  The 
a i l e r o n- w i t h ,  e l e v a t o r- u p  s p i n  was t o o  o s c i l l a t o r y  t o  
t e s t .  The a n g l e s  o f  a t t a c k  v a r i e d  f r o m  31° t o  330 f o r  
t h e  s p i n s  o b t a i n e d .  

A s  i t  was n o t  p r a c t i c a b l e  t o  remove more mass f r o m  
t h e  w i n g s  of t h e  mode l ,  mass was adiied a l o n g  t h e  f u s e l a g e  
i n  a n  endeavor  t o  o b t a i n  a h i g h  n e g a t i v e  v a l u e  of t h e  
IYMP. Yhen t h e  v a l u e  of t h e  p a r a m e t e r  w a s  - 61 X lO--* t h e  
model s p u n  f o r  a l l  c o n t r o l  s e t t i n g s  e x c e p t  when t h e  a l l e r -  
ons were  a g a i n s t  t h e  s p i n  a n d  t h e  e l e v a t o r  was down. The 
a n g l e s  o f  a t t a c k  o f  t h e  s p i n s  f o r  which  c o m p l e t e  measure-  
ments  w e r e  o b t a i n e d  v a r i e d  f r o m  28' t c  34'. 

The a e r o d y n a m i c  e f f e c t  of  t h e  n a c e l l e s  was d e t e r m i n e d  
by removing  them f r o m  t h e  model a n d  i n s t a l l i n g  e q u i v a l e n t  
w e i g h t s  i n  t h e i r  p l a c e s .  The m o s t  n o t i c e a b l e  e f f e c t  was 
t h a t ,  w i t h o u t  t h e  n a c e l l e s ,  t h e  a i l e r o n- w i t h  s p i n s  were 
f r o m  8" t o  1 6 O  f l a t t e r  t h a n  t h e y  w e r e  w i t h  t h e  n a c e l l e s  
i n s t a l l e d .  The v a l u e  o f  a, v a r i e d  f r o m  280 t o  46O f o r  
t h e  s p i n s  o b t a i n e d .  

When t h e  n a c e l l e s  were removed a n d  no e q u i v a l e n t  
w e i g h t s  i n s t a l l e d ,  t h e  v a l u e  of t h e  IYMP was - 91 X lo"*, 
a n d  t h e  model spun  f o r  a l l  c c m b i n a t i o n s  o f  a i l e r o n- e l e v a t o r  
s e t t i n g s .  The a i l e r o n- a g a i n s t  s p i n s  were  s l i g h t l y  s t e e p e r  
w i t h  h i g h e r  r a t e s  of  d e s c e n t  t h a n  %he  a i l e r o n- w i t h  s p i n s  
when t h e  e l e v a t o r  was u p  o r  n e u t r a l ;  whereas  t h e  o p p o s i t e  
was t r u e  when t h e  e l e v a t o r  was down. The e l e v a t o r  p o s i-  
t i o n  a f f e c t e d  o n l y  t h e  wing i n c l i n a t i o n  p. A l l  s p i n s  

P 
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were s t e e p ,  t h e  a n g l e  a v a r y i n g  f r o m  24' t o  32' f o r  
t h i s c o ri d i .t i on . 

DISCUSSION 

I t  h a s  b e e n  shown i n  r e f e r e . n c e  1 t h a t  m u l t i e n g i n e  
a i r c r a f t  s p i n  s t e e p l y  a n d  d e s c e n d  w i t h  v e r t i c a l  v e l o c i-  
t i e s  which  may b e  as h i g h  as 340 f e e t  p e r  s e c o n d  o r  e v e n  
h i g h e r .  The l o a d  f a c t o r s  may b e  as l a r g e  a s  2.7 o r  e v e n  
l a r g e r .  Movement of t h e  e l e v a t o r  down a n d  o f  a i l e r o n s  
a g a i n s t  t h e  s p i n  is e s p e c i a l l y  e f f e c t i v e  f o r  r e c o v e r y .  
S i n g l e- e n g i n e  a i r p l a n e  s p i n s  may b e  e i t h e r  s t e e p  o r  f l a t  
w i t h  e i t h e r  h i g h  o r  l o w  r a t e s  of  d e s c e n t  a n d  e i t h e r  h i g h  
o r  low l o a d  f a c t o r s .  T h e  ruOder  i s  t h e  m o s t  e f z e c t i v e  
c o n t r o l  f o r  r e c o v e r y ,  a n d  t h e  a i l e r o n s  s h o u l d  b e  moved 
w i t h  t h e  s p i n  t o  e x p e d i t e  r e c o v e r y  f u r t h e r .  

I n  t h e i r  n o r m a l  l o a d i n g  c o n d i t i o n s ,  % h e  f i v e  s i n g l e -  
e n g i n e  models  t e s t e d  bad ,  f o r  t h o  c o n t r o l  s e t t i n g s  f o r  
which  c o x q l e t e  d a t a  were o b t a i n e d ,  a n g l e s  of a t t a c k  v a r y-  
ing f r o m  80° t o  28' a n d  r a t e s  o f  d e s c e n t  v a r y i n g  f r o m  1 1 0  
t o  more t h a n  272 f e e t  p e r  s e c o n d .  The l o a d  f a c t o r s  v a r i e d  
f r o m  1-0 t o  2 . 1 .  I t  s h o u l d  b e  r e z t l i z e d  t h a t ,  b e c a u s e  of 
s c a l e  e f f e c t ,  t h e  r a n g e  of  l o a d  f a - c t o r s  e x p e r i e n c e d  b y  
t h e  f u l l - s c a l e  a i r p l a n e  may d i f f c r  f r o m  t h e  r a n g e  o b t a i n e d  
i n  t h e  model t e s t s .  A t  t h e  e x t r e m e  s p a n w i s e  l o a d i n g  con- 
d l t i o n s  t h e  a n g l e s  of  a t t a c k  v a r i e d  : f r o m  64' t o  3 s 0 ,  t h e  
r a t e s  o f  d e s c e n t  v a r i e d  f r o m  15.0 t o  more t h a n  272 f e e t  p e r  
s e c o n d ,  a n d  t h e  l o a d  f a c t o r s  v a r i e d  f r o m  1.1 t o  1 . 7 .  F o r  
t h e s e  e x t r e m e  l o a d i n g s ,  t h e  s t e e p  s p i n s  w i t h  t h e  h i g h  
r a t e s  of d e s c e n t  were i n  a l l  c a s e s  o b t a i n e d  w i t h  a i l e r o n -  
a g a i n s t  s e t t i n g s ,  The a i l e r o n- w i t h  s p i n s  obta . ined  w e r e ,  
i n  g e n e r a l ,  a t  h i g h e r  a n g l e s  o f  a t t a c K  w i t h  lower  r a t e s  
of  d e s c e n t  a n d  s m a l l e r  l o a d  f a c t o r s  t k a n  t y p i c a l  m u l t i-  
e n g i n e  s p i n s .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  s p a n w i s e  
mass d i s t r i b u t i o n  d o e s  no t  d e t e r m i n e  t h e  a t t i t u d e  of t h e  
s ~ i n  f o r  s i n g l e- e n g i n e  a i r c r a f t .  

The c o n t r o l  e f f e c t 8  c b t a i n e d  f o r  a l l  s i n g l e- e n g i n e  
models  i n  t h e i r  n o r m a l  c o n d i t i o n s ,  e x c e p t  model 1 1 1 ,  
w h i c h  was h e a v i l p  l o a d e d  along t h e  w i n g s ,  were  t y p i c a l  
of s i n g l e- e n g i n e  a i r c r a f t  A i l e r o n- w i t h  s e t t i n g s  gave  
s t e e p e r  s p i n s  w i t h  h i g h e r  r a t e s  of d e s c e n t  t h a n  d i d  
a i l e r o n- a g a i n s t  s e t t i n g s .  E l e v a t o r- u p  s e t t i n g s  u s u a l l y  
gave  s t e e p e r  s p i n s  w i t h  h i g h e r  r a t e s  o f  d e s c e n t  t h a n  d i d  
e leva to r- down s e t t i n g s ;  a l t h o u g h  i n  a e v e r a l  i n s t a n c e s  
t h i s  e f f e c t  was n e g l i g i b l e .  

\ 
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A t  t h e  e x t r e m e  s p a n w i s e- l o a d i n g  c o n d i t i o n s ,  a i l e r o n -  
a g a i n s t  a n d  e leva to r- down s e t t i n g s  t e n d e d  t o  p r e v e n t  
s p i n s ,  as i s  t y p i c a l  of  m u l t i e n g i n e  a i r p l a n e s .  The ai-+ 
l e r o n  e f f e c t  r e v e r s e d  a t  v a l u e s  o f  IYMP f r o m  -20 x lo-' 
t o  7 0  X lo-" f o r  t w o  models a n d  f r o m  -156 x l e 4  t o  
30 X lo-" f o r  t h e  o t h e r  t h r e e .  The e l e v a t o r  e f f e c t  r e w  
v e r s e d  a t  v a l u e s  f r o m  -25 X lo-* t o  6 0  X f o r  t h r e e  
m o d e l s ,  be tween  a v a l u e  o f  35 X lo-" a n d  120 X, lo-* f o r  
o n e  model a n d  b e t w e e n  97 X lo4* a n d  135 X lo-" f o r  t h e  
o t h e r .  A s t u d y  o f  t h e  c h a r t s  shows  t h a t  f o r  t h e  a i l e r o n-  
n e u t r a l ,  e l eva to r- down s p i n s ,  as t h e  v a l u e s  o f  t h e  IYMP 
were  i n c r e a s e d ,  t h e r e  were  o n l y  r e l a t i r r . e l y  smal l  d e c r e a s e s  
i n  a n g l e s  of a t t a c k  a n d  i n c r e a s e s  i n  a i r s p e e d s  up  t Q  c e r-  
t a i n  p o i f i t s .  A t  t h e s e  p o i n t s  s h a r p  t r a n s i t i o n s  o c c u r r e d ,  
a s  f u r t h e r  i n c r e a s e s  i n  t h e  IYMF l e d  t o  c o n d i t i o n s  where 
t h e  models  w o u l d  n o t  s p i n .  

R e f e r e n c e  2 g i v e s  more d e f i n i t e  r e v e r s a l  r e g i o n s  f o r  
b o t h  t h e  a i l e r o n  a n d  t h e  e l e v a t o r  e s f e c t ,  b u t  it must b e  
remembered t h a t  r e c o v e r y  c h a r s c t e r i s t i c s  were c o n s i d e r e d  
i n  d e t e r m i n i n g  t h o s s  r e g i o n s ;  whereas  o n l j r  s t e a d y - s ? i n  
c h a r a c t e r i s t i c s  were  c o n s i a e r e d  i n  t h e  c u r r e n t  t e s t s .  I t  
i t  b e l i e v e d  t h a t ,  i f o r  l o a d i n g  c o ~ d i t i o n s  I n  w h i c h  Ix 
i s  g r e a t e r  t h a n  IY, t h e  a n g l e  of a t t a c k  and  a i r s p e e d  
may n o t  b e  i n d i c a t i v e  of  t h e  e f f e c t i v e n e s s  of t h e  r u d d e r  
i n  r e c o v e r 3 ; ,  which  p r o b a b l y  a c c o u n t s  i n  p a r t  f o r  t h e  ap- 
p a r e n t  d i s c r e p a n c i e s  i n  t h e  r e v e r s a l  r e g i o n s  f o u n d  i n  
r e f e r e n c e  2 a n d  i n  t h e  p r e s e n t  r e p o r t .  

The m u l t i e n g i n e  mod.el i n  i t s  normal  1 o a . d i n g  c o n d i t i o n  
s p u n  a t  a n  a n g l e  o f  a t t a c k  o f  36O w i t h  a r a t e  o f  d e s c e n t  
o f  207 f e e t  p e r  s e c o n d  a n d  had a l o a d  f a c t o r  of 1 .7  f o r  
t h e  one c o n t r o l  s e t t i n g  f o r  which  r e s u l t s  c o u l d  b e  ob- 
t a i n e d ,  A s  t h e  s i n g l e- e n g i n e  l o s d i n g  c o n d i t i o n  w a s  ap- 
p r o a c h e d ,  no  t e n d e n c y  was o b s e r v e d  f o r  t h e  s p i r ,  t o  become 
f l a t t e r  w i t h  lower  r a t e s  of  d e s c e n t  a n d  s m a l l e r  l o a d  f a c-  
t o r s .  A t  t h e  l o a d i n g  c o n d i t i o n  where t h e  v a l u e  of  t h e  
fYMP was -91 x lo-", f o r  e x a m p l e ,  t h e  a n g l e s  o f  a t t a c k  of 
t h e  s p i n s  v a r i e d  f r o m  32' t o  2 4 O ,  t h e  r a t e s  o f  d e s c e n t  
r a n g e 6  f r o m  211  t o  250 f e e t  p e r  s e c o n d ,  and  t h e  l o a d  fac-  
t o r s  v a r i e d  f r o m  1 . 9  t o  2 . 5 .  I n  t h e  n o r m a l  l o a d i n g  con- 
d i t i o n  t h e  c o n t r o l  e f f e c t  w a s  t y p i c a l  of m u l t i e n g i n e  a i r-  
c r a f t ,  as t h e  model would n o t  s p i n  f o r  e l eva to r- down a n d  
a i l e r o n- a g a i n s t  s e t t i n g s .  A t  t h e  e x t r e m e  l o a d i n g  c o n d i-  
t i o n  w i t h  t h e  sDar_wise mass d e c r e a s e d  a n d  t h e  l o n g i t u d i n a l  
mass i n c r e a s e d ,  n e i t h e r  t h e  a i l e r c n  nor t h e  e l e v a t o r  e f f e c t  
w a s  d e f i n i t e .  
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The r e s u l t s  of t h e s e  t e s t s  show t h a t  t h e  a n g l e s  of 
a t t a c k  a n d ,  h e n c e ,  t h e  l o a d  f a c t o r s  do n o t  v a r y  system-  
a t i c a l l y  w i t h  s p a n w i s e  l o a d i n g ,  i n d i c a t i n g  t h a t  t h e  span- 
w i s e  l o a d i n g  i s  n o t  t h e  s o l e  f a c t o r  d e t e r m i n i n g  t h e  d i f -  
f e r e n c e s  i n  t h e  s p i n s  of t h e  t w o  t y p e s  cf a i r c r a f t .  The 
c o n t r o l  e f f e c t s  d i d ,  however ,  v a r y  i n  a c o n s i s t e n t  manner 
a s  t h e  s p a n w i s e  l o a d i n g  was v a r i e d .  

A s  p r e v i o u s l y  ment ioner? ,  t h e  v a l u e s  of  t h e  i n e r t i a  
ro l l ing- moment  p a r a m e t e r s  o b t a i n e d  f o r  t h e  s i n g l e- e n g i n e  
mode l s  a t  t h e  e x t r e m e  l o a d f n g  c o n d i t i o n s  were g r e a t e r  
n e g a t i v e l y  and t h e  wal.ues of  t h e  i n e r t i a  pitching-moment 
p a r a m e t e r s  were g r e a t e r  p o s i t i v e l y  t h a n  t y p i c a l  m u l t i e n-  
g i n e  v a l u e s .  The v a l u e 2  o f  t h e  i n e r t i a  pi tching- moment 
p a r a m e t e r s  r e m a i n e d  c o n s t a n t  a t  t h e i r  n o r m a l  s i n g l e- e n g i n e  
v a l u e s ,  a s  a d d i n g  w e i g h t  t o  t h e  wings i n c r e a s e d  b o t h  kZ 
a n d  kx b y  e q u a l  a m o u n t s ,  The p e r s i s t e n t  f l a t  s p i n e  
o b t a i n e d  may have  b e e n  a s s o c i a t e d  w i t h  one o r  b o t h  of t h e s e  
f a c t o r s .  F u r t h e r  r e s e a r c h  d s  i n  p r o g r e s s  t o  isolate t h e  
e f f e c t s  of these f a c t o r s .  

I n  one l o a d i o g  c o p d i t i o n  t h e  m u l t i e n g i n e  model ha,& 
V a l u e s  of t h e  i n e r t i a  r o l l i E g -  a c d  p i tchlng-mo~nent  param- 
e t e r s  t h a t  wei-e v e ~ g  c l o s e  t o  t y p i c a l  s i n ~ l e - e n g i n e  v a l u e s .  
T h i s  n o d e l  had a t w i n  t a i l  a n d ,  c o n s e q u e n t l y ,  a n  e x c e p t i o n-  
a l l y  Ir5.gh value f o r  t k e  tail-damping powzr f a c t o r .  T b f s  
c o n d i t i o n  may a c c o u n t  f o r  t h e  s t e e p  s p i n s  t h a t  p ~ r s i s t e d  
t h r o d e h o u t  t h e  l o a d i n g  c o n d i t i o n s  t e s t e d .  If f ; b z  v a l u e  
of t h e  tai l -d.amping power f a c t o r  had n o t  b e e n  sit g r e a t ,  
t h e  iney%bi:a e f f e c t s  might  have  nredominated-  o v e r  the a e r o -  
dynFamic: e f f e s t s  a n d  f l a t t e r  s p i n s  w i t h  t y p i c a l  s 'r lgle- 
e n g i n e  s ~ ~ n  c h a r a ~ t e r i s t i c s ,  might  have b e e n  o b t s i n e d ,  
The v a l u e s  o f  t a i l - d a n p i n g  power f s c ' t c r s  of se-+7f?:t:1 o f  
t h e  s i n g l e -  -engine models  t e s t e $  v e r e  n o t  g : r - e a t l y  a r f f e r -  
.en% f ; c m  t,:??e v a l u e s  l i s t e d  f o r  s e v e r a l  o f  t h e  m u l t i e n g i n e  
~ o d e l s  of r e f e r e n c e ,  1, a l t .hough  t h e y  were b u n S i d ? r a b l y  
l o w e r  t h a n  $he  v a l u e s  f o r  t h e  n u l t r k n g i n e  model t e s t e d  
h e r e i n .  

The r e s u l t s  of t h i s  s e r i e s  o f  t e s t e  l e a d  t o  t h e  f o l -  
l o w i n g  g e n e r a l  c o n c l u s 5 o n s :  

1. The d i f f e r e n c e  i n  t h e  p r o p o r t i o n s  of t h o  l o a d i n g  
c a r r i e d  i n  t h e  wings  for s i n g l e- e n g i n e  a n d  n u l t i e n g i n e  
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a i r p l a n e s ,  as e x p r e s s e d  b y  t h e  i n e r t i a  yawing-moment p a r a w  
e t e r ,  d o e s  n o t  a p p e a r  t o  b e  t h e  f a c t o r  c o n t r o l l i n g  t h e  
a n g l e  o f  h t t a c k  of  a n  a i r p l a n e  i n  a s p i n .  

2 .  The d i f f e r e n c e  i n  s p a n w i s e  l c a d i n g  a p p e a r s  t o  b e a r  
a c o n s i s t e n t  r e l a t i o n  t o  t h e  r e l a t i v e  e f f e c t i v e n e s s  of t h e  
a i l e r o n s  a n d  e l e v a t o r  on t h e  r e c o v e r y  c h a r a c t e r i s t i c s .  

L a n g l e y  Memor i a P  A e r o n a u t i c a l  L a b o r a t o r y  , 
N a t i o n a l  A d v i s o r y  C ~ m m i t t e e  f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  V a .  
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TABLE I1 

CONDITIONS TESTED W I T E I  VARIOUS MODEZS 

[All changes, except where indicated, mads 
by increaaing mass along rlng] 
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Mas8 parameter 

Condition b/Q b/ky b/kz k 3 - e  ky2-kz2 kz2-k$ 

,T 77- -7- 
I 

lormal loading 

Normal loading 

%ass along w i q  decrealed. 
bCondition I and m a d s  along fuselage increased. 
'Starting w i t h  cmdition 11, nacelles removed and cqdvalent weight 

dStarting w i t h  condition 111, equivalent weight of nacelles removed. 
ins t a l l o  d. 
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NACA figs. 3,4 

Figure 3.- Model 111. A 1/2O-scale model of the Vought-Sikor- 
sky XF4U-1 airplane. 

Figure 4.- Y o d e l  IV. A 1/16-scale model of the Vought V-143 
airplane (long ta i l ) .  
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